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RESEARCHMEMORANDUM

PRELIMINARYRESULTSOFTHEFLIGHTINVESTIGATIONBETWEEN
.

MACHNUMBERSOF0.80AND1.36OFA ROCKET-POWERED

MODELOFA SUPERSONICHRPLANECONFIGURATION

HAVINGA TAPEREDWINGWITHCIRCULAR-ARC

SECTIONSAND40°SWEEPBACK

ByCharlesT. DIAi~toload Homerp.~s~n

suMMARY

A flighttivestigationof a rocket-propellednmdelof a supersonic
airplaneconfigurationhavinga taperedwingwithcircular-arcsections
and40°sweepbackwasconductedbetweenMachnumbersof 0.80and1.36.
Formationwasobtainedonthelongitudinal-stabilityderivativesand
dragnesrzeroliftby analyzingtheresponseofthemodelto disturb-
ancesin pitch.A continuousoscillationinyawindicateda IIsnaking”
motion,fromwhichvaluesof thestaticdirectionalstabilitywere
determined.

Theresultsindicateden abrupttrimchangeanda rearwardshift
h theaerodynamic-centerlocationof15percentmean.aerodynamicchord
astheMachnumberincreasedfromsubsonic
Thedragcoefficientnearzeroliftvaried
to 0.06Sat supersonicspeeds. ,;,~-)

INTRODUCTION

speedsto supersonicspeeds.
frorn,~.O}Sat subsonicspeeds
., . .

ThePilotlessAircraftResearchDivisionis conductinga flight
investigationto determine,thelongitudinalstabilityandcontrolcharac-
teristicsathigh-subsonic,transonic,andsupersonicspeedsof a super-
sonicairplaneconfigurationhatinga taperedwingwithcircular-arc
sectionsand40°sweepback.Thepresentpapercontainstheresultsfrom
theflightoftheinitialrocket-propelledmodelofthisinvestigation.
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TheMachnumberrangecoveredinthepresenttestwasfrom0.8to1.36
correspondingto a Re~oldsnumberrsngeof5.6x l& to 11.0Sx 106,..
respectively. L,-.—

Stabilityderivativesanddragcharacteristicsweredetertiedby
therocket-propelledmodeltechniqueforfixedcontrolwhenthemodel
wasdisturbedinpitchby a seriesof smallrocketmotorsmountedto
providethrustnormaltothelongitudinalaxisof themodel.Themodel
wasflownattheLangleyPilotlessAircrsftResearchStationatWallops
Island,Pa.
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SYMBOLS

one-halfthicknessof airfoilataileronhingeline ,

Reynoldsnumber(basedonthemean
wing)

meanaerodynamicchord,feet(1.22

chord,feet

velocity,feetpersecond

Machnumber

Ititcoefficient

aerodynamicchordofthe

ft) -

angleof attackofthebody,degrees
.: -.

dCL
~ perdegree .-—

periodof an oscillationinpitchyseconds

pitching-momentcoefficient -. —.

dCm
=, perdegree --

distancefromleadingedgeofmeanaerodynamicchordto
aerodynamiccenterof airplane,
chord,positiverearward

percentofmeanaerodynamic
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CDCLXO

‘z

c1P

Cw
P
c.n

a%

The

timeto dampto one-halfamplitude,seconds

acm
~Y perdegree
-J&

2P

acm

*’ per

t

degree

angleofpitch,degrees

momentof inertiainpitch,slug-feet2

dragcoefficientnearzerolift

periodof an oscillationinyaw,seconds

dampingin roll 9

acn
‘J perdegreeap

3

angleof sideslip,degrees

yawing-momentcoefficient

frequencyof an oscillationinnormalacceleromel+r,cycles
persecond

MODELANDAPPARATUS,

generalarrangementofthemodelanddetailsofwingandtail
areshowninfigures1 and2,respectively,andthegeometriccharac-
teristicsof themodelaregivenintableI. Photographsof themodel
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areshowninfigure3, anda photographofthe modelandboostercombi-
nationis shown“infigure4.

●

Themodelfuselagewasa bodyofrevolution
off~nenessratio9.58,containing.a cylindricalcentersection,ogival
noseandtailsections,anddorsalandventralcanopies.Construction
ofthefuselagewasprincipallyof dmaluminumwithmagnesiumskin.
Thenosesectioncontainedthetelemeter;thecentersectioncontained
thepowersectionandwingmount;andthetailsectioncontainedttiee
smallrocketmotors.

.
Thewingofthemodelwasmadeof steelandhad10-percentcircul-ar-

arcairfoilsectionsperpendiculartothequarter-chordlineandincor-
porateda sweepbackof40°atthequarter-chordline.

Thewingwasmodifiedto simulateone-half-slabrigidaileronsof
2~-percentspanwith0° deflection. —

Thehorizontaltailwassimilarto thewinginplainformbuthad
NACA65-008airfoilsectionsandwasconstructedprincipallyofwood
witha metal.inlay. —.

Themodelcontaineda six-channeltelemeter;measurementsweremade -
ofthenormal,longitudinal,andtransverseacceleration,angleof
attack,totalpressure,andstaticpressure.Theangleofattackwas. <
measuredby a vane-typeinstrumentlocated.ona stingforwardofthe
noseofthemodelas describedinreference1. A static-pressureortiice
waslocatedinthebaseofthisinstrument,anda total-pressuretube —
waslocatedona smallstrutabovethefuselage.

*
Additionalvelocitydatawereobtatiedby CWDopplerradar;range

andelevationofthemodelduringflight,by trackingradar;atmospheric
conditions,by a radisonde;thefirstportionoftheflightwasrecorded
by high-speedcameras.

Themodelcontainedno sustainerrocketmotorbutwasboostedto a
Machnumberof1.36by anABLDeaconrocketmotor.Uponburnoutofthis
rocketmotor,themodelseparatedfromtheboosterandcoastedthrough
thetestspeed.range. -—. .—

Theboqster-modelcombinationwaslaunchedfroma crutch-type
launcherat an angleof46°,as showninfigure4.
.

Thewingwassetat 3° incidence, andthedefectionofthehori-
zontaltailwassetat 2°relativeto thefuselagecenterlinesothat
themodelwouldhavereasonabletrimvaluesasestimatedby usingthe
datafromreferences2 and3.

.— —. -.

.

.
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TestTechnique

Themodelwasdisturbedinpitchby threesmallrocketmotors
providingthrustnormaltothelongitudinalaxisofthemodeland
locatedinthetail.ofthemodel,as showninfigure1. Thefiring

, sequenceoftheserocketmotorswassuchthattheoscillationcaused
by thefiringofthefirstsmallrocketwoulddampto an approbate
trimangleof attackbeforethesecondrocketmotorwasfired.Eachof
theserocketmotorscausedthemodelto oscillateinpitchandthe
desiredlongitudinal-stabilityparameterswereobtainedfromtheoscil-
lationsoftheangleof attackandfromthenormalaccelerationtraces.

& oscillato~motionofthetraceofthetransverseaccelerometer
waspresentthroughoutthetestMachnumberrangeandgaveinformation
onthestaticdirectionalstability.

Thescaleofthetestispresentedinfigure5 by a plotofReynolds
numberagainstMachnumber;theReynoldsnumberisbasedonthemean
aerodynamicchordofthewing.

RESULTSANDDISCUSSION

Themethodofreducingthedataandtheaccuracyoftheresults.
presentedheretiaredescribedindetailinappendixA ofreference4.

Allofthestabilityparameterspresentedinthispaperarefora
center-of-gravitypositionof10.9percentofthemeanaero~amicchord
ofthewing,a fixedangle,of 2°ofthehorizontaltail,andliftcoef-
ficientsnearzero. Rolldata(notpresentedinthisreport)indicated
a verylowrateofroll;hence,thestabilityderivativeswereconsidered
to be unaffectedby rollin thistest.

Althoughthemodelwasdisturbedinpitch~ smallrocketmotors,
therecordoftheflighttestindicatedfivedistfict.oscillations.At
thetimeof separationofmodelandbooster,themodelpitchedup
abruptlyandoscillateduntilit dampedto a steadytrimangleof attack.
Thesecondoscillationwasdueto thefiringoftheftistsmallrocket
motor.Whenpassingthroughthetransonicrange,themodelwasdisturbed
becauseof anabrupttrimchange.Theresultingoscillationstartedat
abouta Machnumberof0.99andcontinuedto a Machnumberof about0.96.
Thefourthandfifthoscillationswereduetothefiringofthesecond
sndthirdsmallrocketmotors.

.

.
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A @Ot of
attack(ofthe
changeoftrim
numberof0.88

Trim

thevariationoftrimliftcoefficientandtrimangleof
body)withMachnumberis showninfigure6. An abrupt
ltitcoefficientofabout0.12occurredbetweena Madh
and1.0;thischangecorrespondedto a,nose-upchangeof

trimangleofattackofabout1.4°.

Lift

Figure7 presentsthevariationofliftcoefficientwithangleof
attack(ofthebody)duringthreeoftheoscillations:(a) M%l.154,
(b) M%o.980, and(c) M% O.818.Thevariationofthelift-curve
slopeagainstMachnumberisshowninfigure8. The.lfbucketfl.inthe
lift-curveslopeat abouta Machnumberof0.98agreeswiththe”data
presentedinreferences~and6 andwithunpublisheddata. Thelift-
curveslopewasfairedinaccordancewiththedatafromthesereferences.
Froma correlationofthedatatakenfromthesereferences,theratioof
thebreakinthelift-curveslopetothemsximumvalue..ofthelift-curve
slopeis’approximately0.20foranunsweptwingofaspectratio4 end
thicknessratioof10 percent.Forwingswithsweepback(references7
and8),thisratiois somewhatlower.Goodagreementis showninthat
theratioof thisbreakto themaximumlift-curveslopeforthismodel
is oftheorderof“0.1S.

A curveofthevariationoftheslopeof”theliftcurveagainst
Machnumberfortheconfigurationreportedhereinandfromothertests
(references2,3, and9 to I-1.)ispresentedinfigure9. Thecorrelation
ofthedatareportedhereinwithothertestsisgoodexceptata Mach
numberof1.34wherethevalueoftheslopeof thelift_cWve ofthe

CLrocket-poweredmodel, ~ = 0.082,ishigherthanthedataofthewind-

tunnelmodelpresentedat a ~ch numb& of 1.40(reference3). Two
possible.reasonsforthishigher15ft-curveslopewe the large Reynolds
numberofthepresenttestandthenonlinearitiesofthelift-curve
slopenearzerolift.

Thesedataarealsocomparedwithvaluesofthel.&-curveslope
obtainedby thetheoryofreferences12and13forwingalone.The
subsonictheoryisbasedonthevalueofthelow-speeddataat a Mach
numberof0.16(reference2).

Thesubsonictheoryandthepresenttestshowagreementnear
M = 0.80.

.
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. StaticLongitudinalStability

Thestatic-longitudinal-stabilitycharacteristicsnearzeroliftof
themodelarepresentedinfigure10. Fromthemeasuredperiodsofthe
oscillations,thestatic-stabilityderivativesc% andaerodymamic-
centerlocationofthemodel Xa c weredeterminedforthetestMach. .
numberrange.Thesederivativeswerecalculatedfromthefairedcurve
ofperiodagainstMachnumber,andvsluesofthederivativescalculated
fromactualperioddatapointsweresuperimposedonthecurves.

Theperiodoftheoscillation(fig.10(a))ofthemodeldecreased
withincreas~ dynamicpressure,exceptforthediscontinuitynear
M= 0.98. ‘

Theslopeofthepitching-momentcoefficientagainstangleof
attack(ofthebody)andtheaerodynamic-centerlocationareapproxi-
matelyconstantat subsonicspeedswithv@ues of 0.019and33percent
meanaerodynamicchord,respectively.Near M = 0.98,an increasein

. stabilityoccurswith c% risingto approximately0.031and Xaoco
movingrearwardto approximately48 percentmeanaerodynamicchordat
supersonicspeeds..

DynamicLongitudinalStability

Thedynamic-longitudinal-stabilityparameters,thetimeto dampto
one-halfamplitudeT~/2,andthedamping-in-pitchfactorC

( ~ + %)’
arepresentedinfigure11.

Thetimeto dampto one-halfamplitudedecreasesfrom0.20second
at M = 0.83to 0.12secondat M = 1.33 as showninfiguren(a). The
damping-in-pitchfactorC

(%
+ C%), as showninfiguren(b), decreases

withincreasingMachnumber,exceptinthetransonic-speedrangewhere,
at approximatelyM = 0.92,thedampingincreasesrapidlyto M = 0.98
andthendecreasesrapidlyfrom M = 0.98 to M = 1.03. This‘ibucketlf
is comparable.tothevariationin CLa attheseMachnumbersandit is

interestingtonotethat Cz hasthesametrend(reference~).
P

DirectionalStability

Duringtheenttieflight,themodeloscillatedinyaw. Themagni-
tudeoftheseoscillationsinyawwassmall(il”),andappearedto indi-



catethatthemodelhada llsnaking”motionthroughouttheMachnumber , _ ~“-
rangeinvestigated.Theperiodofthisoscillationispresentedin
figure12(a)andhasthesamegeneralvariationwith.Machnumberasthe
periodofoscillationinpitch.Fromthisperiodofoscillationinyaw
Pz,valuesofthestatic-directional-stabilityderivativeCnP for

variousMachnumbersweredeterminedbythemethodof.~eferenceIs and
.-

arepresentedinfigure12(b).Thevalueof CnB increasedfromapproxi-

mately0.0026at M = 0.80 to approximately0.0?)37at M = l.0~,then
decreasedto approximately0.0031at M = 1.34.Thesedataare’compared
withdataobtainedfromreferences11,16,and17 infigure13. The
trendof CnB forthemodelreportedhereinindicates-thatthecom-

—

parisonis,g~odat supersonicspeedsconsideringthesgatterinthetest
dataoffigure12(a)andthefactthattherateof changeofyawing-
momentcoefficientwithsideslipwascomputedforonlyonedegreeof
freedom.

Drag

Thedragcoefficientnearzerolift C%La, basedonthetotal
,-

wingarea,is showninfigure~ andvaried.froma valueof0.01Sat
.

subsonicspeedsto a valueof0.~5 atlowsupersonicspeeds.The
comparisonof cDcL~ ofthemodelrepo.rted,herein andthewind-tunnel.— ,.”
testat M = 1.40(reference3) isgood.

High-FrequencyOscillatoryMotion

Throughouttheflight,thenormalaccelerometerhada continuous
high-frequencyoscillatorymotionthatvariedinamplitudeandfrequency.
Thefrequencyofthisoscillationwasgreaterthanthenaturalfrequency
oftheinstrument,but,sincethenormalaccelerometerwasmountedona
bulkheadinthemodel,thedeterminationofwhichcomponentor components ,,
ofthemodelwereoscillating-wasimpossible.Thefrequencyofthe
oscillation0

%
ispresentedinfigure15forthetestMachnumber

range.The”steady-statevalueofthisfrequencyat subsonicspeedwas
about80 cyclespersecondandthroughthetransonic-speedrangeit
variedconsiderablyuntil,at supersonicspeeds,a steady-statevalueof
about60 cyclespersecondwasmaintained.Theamplitudeof theoscil-
lationvariedfromapproximately0.4gat M = ().90to approximately2.Og
at M = 1.35.

.
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CONCLUSIONS

●

FYomtheflighttestofibisfixed-controlrocket-propelledmodel
of a supersonicaircraftconfigurationemployinga sweptbackwinghaving
circular-arcsections,thefollowingconclusionsareindicated:

1.An abrupttrimchangeof about0.12trimltitcoefficient
occurredbetweena Machnumberof0.88snd1.0;thistrimchangecorre-
spondedtoa trimangle-of-attackchange(noseup)ofabout1.4°.

2.A I!bucketftoccurredinthelift-curveslopeattransonicspeed;
at M = 1.34,thelift-curveslopehada valueofapproximately0.082.

3. Theslopeof thecurveofpitchingmomentagainstangleof attack
(ofthebody)wasconstantat a valueofapproximately0.019untila Mach
numberof0.98;thenthestabilityticreaseduntil,at a Machnumberof
1.34,thevaluewasapproximately0.031.Theaerodynamic-centerlocation
wasat33’percentmeanaerodynamicchordat subsonicspeedsandmoved
rearwsrdat a Machnumberof approximately0.95until,at supersonic
speeds,thevaluewas48 percentmeanaerodynamicchord.

4. Thestatic-tirection~-stabilityderivativeCnB ticreasedfrom

a valueofapprodnately0.0026at a Machnumberof 0.86to a valueof
approximately0.0037at a Machnuniberof1.0Sandthendecreasedto a
valueofapproximately0.0031at a Machnumberof1.34.

.

~.ThedragcoefficientnesrzeroUt was0.015at subsonicspeeds
andincreasedto a valueof 0.06Satlowsupersonicspeeds.

LangleyAeronauticalLaboratory
NationalAdtiso~CommitteeforAeronautics

LangleyAirForceBase,Va.
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TABLE1.-GEOMETRIC.CHARACTERISTICSOFMODEL

5.5’6 “-”-‘-
,. .4

40
0.5
1.22

Wing:
Totalarea,squarefeet . . . .
Aspectratio’.. . . . . . .“..
Sweepbackofquarter-chordline,
Taperratio . . . . . . . . . .
Meanaerodynamicchord,feet. .
Airfoilsectionnormalto
quarter-chordline . . , . , .

Horizontaltail:

. .

. .—
●“ .
● .
. .

● ✎ ✎ ✎

✎ ✎ ✎ ✎

.

.

.

.

●

✎

✎

✎

✎

✎

●

.

.

.
●

✎

.
●

✎

✎

✎

.

.

.

.

●

✎

✎

✎

✎

.

.

.

.

.

●

✎

✎

●

●

✎

✎

.

.
●

✎

✎

degrees
. .
. .

. .

. .

. .

.

.

.

.

.

.
●

●

✎

✎

10percentcircularerc

. . . 0.938

. . . -3.72
● . . 40

Area,squarefeet . . . . . . .
Aspectratio. . . . . . . . . .
Sweepbackofqusrter-chordline,
Taperratio . , . . . . . . . .

.

.

.
●

✎

✎

●

✎

✎

✎

✎

✎

●

✎

●

✎

✎

●

✎

✎

●

✎

.

.
●

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

. .

. .
●

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

—
degrees —

●

✎

●

✎

✎

✎

✎

✎

✎

.

.

.

●

✎

✎

✎

✎

✎

0.5
“NiCi65-008

.,0.

Airfoilsectionnormalto_quarterchord

Verticaltail:
.

● ☛✎ 0.825
. . . 1.16
. . . 40.6

0.337
‘Nici27-010
NACA27-008

Area(’exposed),squarefeet . . . .. .
Aspectratio(basedonexposedareaandsp~)
Sw~epbackofleadingedge,
Taperratio . . . . . ● .
Airfoilsection,root . .
Airfoilsection,tip” . .

Fuselage:
Finenessratio(neglecting

degrees.
. . . . .
. . . . .
,.*..

canopies)

.
.
.

.

.

●

. .

. .

.0

● .

● ,

.

.

●

✎

✎

●

✎

✎

✎

✎

✎

✎

✎

✎

● ✌ 9.58.

.

.

.

.

.

.

.

.

.

●

✎

✎

✎

✎

✎

Miscellaneous:
Taillengthfrom E/4 to 5+./4tail, . . 2.56-,
Tailheight,wingsemispansabovefuselage
centerline. . . . . . . . . . . . . . .

Modelweight,pounds. . . . . . . . . . . .
Momentofinertiainpitch(Iy),slug-feet2.

. . 0●14:”

. .

. . 8.80
Momentofinertiainyaw (Ii),calculatedfrom
components,slug-feet2. . . . . . . . . . . . . 11.50‘—
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